We have studied hot electron ballistic transport in small four-terminal structures fabricated by Ga focused-ion-beam implantation from an AlGaAs/InGaAs/GaAs modulation doped structure. We have determined the characteristics of negative bend resistance as a function of hot electron energy by analyzing the magneto-resistance data. We have found that the ballistic nature of hot electrons is progressively lost when the excess energy of hot electrons exceeds LO-phonon energy, and that the collimation effect, which is related to the geometry of the electron emitter, is preserved for hot ballistic electrons. In such small four-terminal structures formed from AlGaAs/InGaAs/GaAs modulation doped material, ballistic transport has been observed up to room temperaturer). In this paper, we describe the hot electron ballistic transport characteristics of these structures. We find that the ballistic nature of electron transport is progressively lost when the excess energy of the hot electrons exceeds the LO-phonon energy. We also find that the wave vectors of the ballistic electrons are considerably collimated when the electrons arb injected from a narrow terminal and that this collimation appears to be independent of the excess energy of hot eleclrons.
L. Introduction
Recently, transport properties of mesoscopic nanostructures have been extensively studied. Most of the previous investigations were done on the equilibrium transport properties of electrons in AlGaAs/GaAs modulation doped structures which have a very large electron mobility at low temperatures. However, InGaAsbased modulation-doped structures are more suited for the study of the nonequilibrium ballistic transport properties of two-dimensional electrons because the electron mobility is larger compared with that of conventional GaAs-based modulation-doped structures at high temperatures. The high carrier density in this InGaAs-based structures helps not only to increase the mgan free path but also to reduce depletion spreading, which is advantageous for fabricating small structures.
In such small four-terminal structures formed from AlGaAs/InGaAs/GaAs modulation doped material, ballistic transport has been observed up to room temperaturer). In this paper, we describe the hot electron ballistic transport characteristics of these structures. We find that the ballistic nature of electron transport is progressively lost when the excess energy of the hot electrons exceeds the LO-phonon energy. We also find that the wave vectors of the ballistic electrons are considerably collimated when the electrons arb injected from a narrow terminal and that this collimation appears to be independent of the excess energy of hot eleclrons.
2. Experimental fig. 1 ) or a rebouncing trajectory3) (B in Fig. 1 ), which are determined by the electron cyclotron motion in the realistic geometry of the lateral constriction in the four terminal structure. We evaluate the critical field 8" which gives rise to the specific electron trajectories by assuming the relation, Bc=hk,n/eR", where k"ois the effective Fermi wave vector ihd R" is the effective cyclotron radius determined from the device geometry.
The peak magnetic field B" is plotted against the bias voltage V, in Fig. 3 plot (see the inset of Fig. 3 ). We ascribe this structure to the onset of the LO-phonon scattering.
Finally, turning to the collimation effect, Fig. 6 shows the second derivative characteristics of the bend resistance at 1.5 K for a low bias voltage plotted against dxB. The width of the negative peak is compared among samples with different inter-terminal distance d. The inset depicts an electron trajectory at which the negative resistance disappears. The radius of this orbit scales with
